Stem and root of Lindera erythrocarpa were described and compared in the wood anatomical aspects. Root wood appeared to differ from stem wood in the qualitative features of growth ring boundary, extraneous materials in vessel element and ray parenchyma cell, outline of ray, and sheath cell. In the quantitative features, there were differences between these two tissues in vessels per square millimeter, tangential diameter of vessel lumina, length of vessel element, and width of ray. These wood anatomical differences between stem above ground and root below ground were thought to be attributed to their different growth environments.
INTRODUCTION 1)
The process of primary tissue development before the formation of cambium is different between stem and root, but that of secondary tissue development after the formation of cambium is identical to each other (Lee, 1985; Fahn, 1990) . But root adopts the stem structure when exposed out of ground and twig takes on root structure when buried in the ground. Because the growth environment is different between root below ground and stem above ground, anatomical differences between them are recognizable within a tree (Timell, 1986; Schweingruber et al., 2006; Bowyer et al., 2007) . Despite coexistence of root with stem within a tree, however, less studies have been concentrated on the root wood or comparison of this root wood with stem wood.
In earlier studies, some qualitative and quantitative anatomical differences between stem wood and root wood were found in hardwood species (Stokke and Manwiller, 1994 Eom, 2011) and root wood was considered to be sub- ject to great anatomical variability due to extremely variable soil conditions (Schweingruber et al., 2006) . This paper presents an anatomical comparison between stem wood and root wood in Lindera erythrocarpa Makino, a species hitherto not studied in this respect.
MATERIALS and METHODS

Materials
The stem and root of a 15-year old tree of Lindera erythrocarpa (Fig. 1) were obtained from Duseo-myeon, Onyang-eup, Ulju-gun, Ulsan, South Korea. To compare their wood anatomical features, discs of about 2 cm thick were taken from stem and root at 6 cm above and 10 cm below the soil surface, respectively.
Methods
Small wood blocks of about 1 to 2 cm per side cut from the prepared discs were softened in water in an autoclave for 1 to 2 hours. From these blocks, transverse, radial, and tangential sections of 20 to 30 µm thickness were cut with a sliding microtome, and then permanent slides were prepared following general laboratory techniques (Kim, 2004; Eom et al., 2008) . Also, macerations were obtained with Schultze's solution (Berlyn and Miksche, 1976) . Observation, photomicrography, and measurement were made using an Axioskop routine microscope with attachment camera, Carl Zeiss, Germany, a PJ 300 profile projector, Mitutoyo, Japan, and a Camscope video microscope system, Sometech, Korea. And all the quantitative measurements followed the recommendations of Wheeler (1986) and IAWA Committee (1989) .
In the quantitative analysis, lengths of 100 and 50 randomly selected wood fibers and vessel elements and diameters of 50 randomly selected wood fibers were measured from macerations, respectively. Tangential diameters of vessel lumen were measured from 50 randomly selected solitary vessels and vessels per square millimeter were counted from vessels solitary and in radial multiples on 50 randomly selected fields in transverse sections of permanent slides. In case of vessels in radial multiples, all vessels counted as individuals, e.g. a radial multiple of four as four vessels, were used in the determination of vessels per square millimeter. From permanent slides, rays per millimeter along a line perpendicular to the ray's axis were counted on 50 randomly selected fields in transverse sections, and ray heights and widths in dimension were measured from 50 randomly se- lected rays in tangential sections. Differences between means of root wood and stem wood in quantitative features were statistically analysed using Student's t-test in Statistical Analysis System (SAS).
RESULTS and DISCUSSION
In the case of stem, wood is diffuse-porous and growth ring boundaries are distinct by difference between thick-walled and radially flattened latewood fibers and thin-walled earlywood fibers, and vessel elements are thick-walled and vessels are solitary with rounded outline and in radial multiples of 2 to 3 ( Figs Radial sections showing vessel-ray pits with much reduced borders to apparently simple (VRP) in stem wood (8) and root wood (9) , and vessel element with faint helical thickenings (arrowhead) in stem wood (8) and some vessel-ray pits unilaterally compound (arrow) in root wood (9) . Scale bars = 100 µm in 6 & 7; 20 µm in 8 & 9. and/or square marginal cells (Fig. 14) . Oil cells associated with ray and axial parenchyma and sheath cells are present but rare ( Fig. 16 & 18) . Pith flecks are more or less present (Fig. 6 ). These qualitative anatomical features of stem wood are identical to the descriptions of Lee (1994) , Eom and Chung (1995) , and Itoh (1996) .
Root and stem are almost the same in the qualitative wood anatomy. When compared with stem wood, however, growth ring boundaries of root wood are relatively less distinct due to smaller differences in vessel diameter between latewood and earlywood and narrower band of Lee and Eom (2011) . Occurrence of relatively less distinct boundaries in root wood than in stem wood in present study is might be resulted from more constant growing conditions in soil and by the seasonal soil water availability as an important factor affecting the growth ring formation like the reports of Lebedenko (1962) and Machado et al. (2007) . Root wood was known to be mainly influenced by the amount of water Quantitative wood features of stem and root are shown in Table 1 . Vessels per square millimeter in cross section average 39.8 in stem wood and 31.0 in root wood, thus agreeing with the results of greater vessels per square millimeter in stem wood than in root wood in Capparis spinosa by Psaras and Sofroniou (1999) and Liriodendron tulipifera by Lee and Eom (2011) . Unlike this result, however, Rao et al. (1989) found vessels per square millimeter to be significantly fewer in stem wood than in root wood of Sonneratia caseolaris. No significant differences in vessels per square millimeter, on the other hand, were identified between root and stem wood in Phlomis fruticosa and Brosimum gaudichaudii by Psaras and Sofroniou (2004) and Palhares et al. (2007) , respectively. In stem wood of Lindera erythrocarpa, vessels per square millimeter was recorded as 42 by Eom and Chung (1995) .
Mean tangential diameters of vessel lumina average 45.2 µm in stem wood and 38.9 µm in root wood as Rao et al. (1989) indicated that vessel elements of stem wood were greater in tangential diameter than those of root wood in Sonneratia caseolaris. Sofroniou (1999, 2004) , Schweingruber et al. (2006) , and Lee and Eom (2011), however, described that big vessels were characteristic of root wood but small vessels were typical of stem wood in Capparis spinosa, Fagus sylvatica, Phlomis fruticosa, Ziziphus lotus, and Liriodendron tulipifera. By Palhares et al. (2007) , on the other hand, no significant differences in tangential diameter of vessel lumina between stem and root wood were reported in Brosimum gaudichaudii. Tangential diameter of vessel lumina was recorded as 58 µm in stem wood of Lindera erythrocarpa by Eom and Chung (1995 Means (± standard deviation) followed by the same letter in each feature are not significantly different at a confidence level of 95%. Mean lengths of vessel elements are 439.7 µm in stem wood and 384.2 µm in root wood, which indicates that they are significantly longer in stem wood than in root wood. This agrees with Rao et al. (1989) who found in Sonneratia caseolaris that the vessel elements of stem wood to be longer than those of root wood. Sofroniou (1999, 2004) and Lee and Eom (2011) , however, reported in Capparis spinosa, Phlomis fruticosa, and Liriodendron tulipifera that vessel elements were longer in root wood than in stem wood. On the other hand, Machado et al. (2007) reported in Styrax that vessel elements of root wood were generally longer than those of stem wood in S. martii and S. ferrugineus and vice versa in S. latifolium, S. leprosus, and S. camporum.
Mean lengths and diameters of wood fibers are respectively 803.3 µm and 20.0 µm in stem wood and 778.6 µm and 19.9 µm in root wood, thus wood fiber appears not to be significantly different in length and width between stem wood and root wood. This is in disagreement with the result of Lee and Eom (2011) who recorded that wood fiber of root wood was longer and wider than that of stem wood in Liriodendron tulipifera. Also, Sofroniou (1999, 2004) reported longer wood fiber in root wood than in stem wood for Capparis spinosa and Phlomis fruticosa and Palhares et al. (2007) recorded wider wood fiber in root wood than in stem wood for Brosimum gaudichaudii. On the other hand, Machado et al. (1997 Machado et al. ( , 2007 noted in Styrax that wood fibers of stem wood were slightly narrower than those of root wood in all the species examined, but more or less longer than those of root wood in S. latifolium, S. martii, and S. leprosus and vice versa in S. camporum and S. ferrugineus. Wood fiber length was recorded as 854 µm in stem wood of Lindera erythrocarpa by Eom and Chung (1995) .
Rays per millimeter average 7.3 in stem wood and 7.6 in root wood, which agrees with Sofroniou (1999, 2004) who reported that rays per millimeter were nearly identical between root wood and stem wood in Capparis spinosa. Machado et al. (1997 Machado et al. ( , 2007 recorded in Styrax that rays per millimeter were lower in root wood than in stem wood for S. leprosus, S. camporum, and S. ferrugineus but were not different between them for S. latifolium and S. martii. Ray heights and widths in dimension average 375.8 µm and 34.1 µm in stem wood and 342.4 µm and 38.2 µm in root wood, thus ray appears to be significantly wider in root wood than in stem wood but to be identical in height between root wood and stem wood. Psaras and Sofroniou (2004) recorded in Phlomis fruticosa that ray height in dimension was somewhat greater in root wood than in stem wood but ray width in dimension was found to be identical between root wood and stem wood. In Capparis spinosa, however, rays in dimension were known to be very significantly greater in stem wood than in root wood by Psaras and Sofroniou (1999) . Lee and Eom (2011) noted in Liriodendron tulipifera that rays per millimeter were greater but ray width and height were lower in stem wood than in root wood. By Eom and Chung (1995) , rays per millimeter and multiseriate ray height were recorded as 9 and 462 µm in stem wood of Lindera erythrocarpa, respectively. Some qualitative and quantitative differences in wood anatomy between stem and root are thought to be associated with the opinions of Timell (1986), Schweingruber et al. (2006) and Bowyer et al. (2007) who described that wood anatomical differences between stem above ground and root below ground were recognizable within a tree because of their different growth environments.
CONCLUSIONS
Some anatomical differences between stem wood and root wood of Lindera erythrocarpa occurred in the qualitative and quantitative features. When compared with stem wood, however, growth ring boundaries were relatively less distinct due to smaller differences in vessel diameter between latewood and earlywood and narrower band of radially flattened latewood fibers in root wood. And vessel elements with scalariform perforation plates and tyloses and pith flecks were relatively more common in root wood. Unlike stem wood, also, extraneous materials in vessel elements and ray parenchyma cells were identified, rays were rugged in outline, and sheath cells were pronounced in root wood. Vessels per square millimeter, tangential diameter of vessel lumina, and length of vessel element were greater but ray width were lower in stem wood than in root wood.
